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1 E nviro n m en tal an d O ccu pa tio na l H e alth, D e p ar tm e n t o f Environ m e nta l S cie nc es, Wa ge ning e n A gricultura l U n ive rs ity, P O B ox 2 3 8, 67 0 0 AE W ag e ning e n, the N e th e rla n ds , a n d 2 Institute o f M o lecu la r C ell Biolog y, B io C en trum Am ste rd am , U nive rsity of A m ste rd am , the N ethe rla nd s In tro d u ctio n E x p o su r e to b io -a e ro so ls in in d o o r e nv iro n m e n ts c a n in d u c e tox ic , in f la m m a t o ry a n d aller g ic r e a c ti o n s, r esu lti n g in r e sp ira to ry sy m p to m s. I t h a s b e e n su g g e ste d re c e n tly th a t (1 ® 3 ) -b -D -g lu c a n s c o n tr ib u te to b ioa e r o s o l -in d u c e d i n f la m m a t o r y r e s p o n s e s a n d t h e r e su lti n g re sp ira to r y sy m p to m s a n d c o m p lain ts [ 1 ± 4 ] . ( 1® 3 ) -b -D -g lu c a n s, w h ic h m a y o r ig in a te f ro m a la rg e va r ie ty o f so u r c e s in c lu d in g m o ld s, so m e b a cte ria a n d m o st p la n ts, c a n in it iate a v a r ie ty o f im m un o b io lo g ic al r e sp o n se s in v e rt eb r ate s [5 ±1 2 ] .
A t p r e se n t, k n o w le d g e ab o u t a irb o rn e ( 1 ® 3 ) -b -Dg lu c a n e x p o su r e as a p o ten tia l r e sp irato r y h e a lt h h a za rd is lim ite d ow in g to a la c k o f g e n er a ll y av a il ab l e m e th o d s to m e a su r e e nv iro n m e n ta l (1 ® 3 ) -b -D -g luc a n in fie ld stu d ies.
T h e r e is a c le a r n e e d fo r a n im p r o v e d, sp e c ific ,
sen sitiv e an d c o st-e ffic ie n t m e th o d to q u a n ti fy (1 ® 3 )-b -D -g lu ca n s th a t c a n b e u se d in la rg e -sc a le env ir o nm e n ta l h y g ie n e a n d e p id e m io lo g ic a l stu d ie s. H e r e , w e d e sc rib e a n ew a ssa y th at m e e ts th e se re q u ir em en ts. T h e n ew a ssa y w a s a p p lie d o n o rg a n ic d u st s a m p le s f ro m va r io u s e nv ir o n m e n ts , v a r io u s p la n t m a te ria ls a n d th e c u ltu r e f lu id o f y e a st c u ltu re s.
M aterials an d m eth o d s G lucan s
T h e f o llow in g g lu c a n s a n d re late d sac c h a rid e s w e re u se d in th is stu d y : la m in a rin , b ( 1 ® 3 )( 1® 6 )-g lu c a n [ 1 3 ,1 4 ] ; C M -c u r d la n , ( 1® 3 ) -b -D -g l u c a n [ 1 3 ,1 4 ] ; p u stu lan , (1 ® 6 )-b -D -g lu c a n [2 3 ]; b (1 ® 6 )( 1® 3 )-g luc a n [ 1 5 ]; d ex tr a n , (1 ® 6 ) (1 ® 3 )(1 ® 4 )(1 ® 2 )-g lu c a n [1 3 ]; an d m a n n an , (1® 2 )( 1® 3 )( 1® 6 )-m an n an . L a min a rin a n d p u stu la n w e re d isso lv e d in H 2 O at 1 2 0 Ê C , c u rd la n in 0 .0 5 m o l/ l N a O H a n d d e x tra n a n d m a n n a n in H 2 O .
B ovine se rum a lbum in-lam inarin co njug ate fo r im m u nizatio n T h e g lu c a n ±b o v in e se ru m a lbum in co n ju ga te c o n ta in e d a p p ro x im ate ly 8 % (w e ig h t/ w e ig h t) c a r b o h y d ra t e.
J. D ouw es et al .
Rabb it a nti-(1® 3 )-b -glucan a ntibo dies R a b b it s w e re im m u n iz e d b y su b c u ta n e o u s in je c ti o n o f 1 m l g lu c a n co n ju g a te so lu tio n (0 .1 m g p ro tein / m l). S p e c if ic a n ti Plant sam ples E x tra cts w e re m a d e o f c e re als ( w h e a t, b ar le y an d co rn fl o u r ), so y b e a n s , ta p io c a a n d p o ta to u s in g tw o e xtr ac tio n p r o c e d u r e s: h e a t a n d alk alin e tr e a tm e n t. E a ch A ir b o r n e d u st sa m p le s w e re e x tra c te d in 5 m l a n d se tt le d d u st sa m p le s in 5 ±2 0 m l py ro g e n -fre e w a te r w ith 0 .0 5 % T w e e n -2 0 (» 1 0 % w e ig h t/v o lu m e). T h e e x tra c tio n p ro c e d u r e a p p li e d w a s th e sa m e a s d esc rib e d f o r h e a t e x tra c ti o n o f p la n t s a m p le s. A f te r ex tra c tio n , th e sa m p le s w e re c e n tr ifu g e d at 1 0 0 0 g fo r 1 5 m in , a n d th e su p er n ata n t w as sto re d a t ±2 0 Ê C .
R esu lts
Sp ecificity of th e inhibitio n enzym e im m uno assay F ig . 1 g iv e s d o se ±r esp o n se c u r v e s f o r tw o (1 ® 3 ) -b -D -g lu c a n p re p a r a ti o n s a n d va rio u s o th e r p o ly sac c h ari d e s. T h e in h ib it io n c u r ve f o r la m in a rin ra n g e d fr o m a p p ro x im a te ly 4 0 to 3 0 0 0 n g /m l ( 1 5 ±8 5 % in h ib itio n ). T h e o th e r ( 1® 3 ) -b -D -g lu c a n ( c u rd la n ) sh o w e d a p a ra lle l in h ib it io n c u rv e b u t w a s th re e to f iv e tim e s le ss re a c ti v e o n a w e ig h t b a sis. O f th e o th e r p o ly sac c h ari d e s te ste d , o n ly p u stu la n , p r e su m e d to c o n ta in exc lu siv e ly (1 ® 6 ) -b -D -g lu c a n [2 3 ] , sh o w e d a p a ra ll e l d o se ±re sp o n se c u rv e a t c o n c e n tr atio n s ap p r ox im a tely te n ti m e s h ig h e r th a n la m in a r in . T h e o th e r p o ly sa cc h a r id e s w e r e a ll in c a p a b le o f in h ib itin g th e a n ti-(1 ® 3 )-b -D -g lu c a n a n tib o d ie s.
C o n tro l e x p e rim e n ts w it h N a IO 4 a n d (1 ® 3 ) -b -Dg lu c a n a se tr e a tm e n t w e r e p e r f o r m e d to d e te r m in e w h e th e r th e in h ib it o ry ac tiv it y o f p u stu la n w as a r e - (n = 1 0 0 ) w e re c a lc u la te d o n th e b a sis o f th e o cc u p atio n a l sa m p le s a n d th e h o u se d u st sa m p le s, r e sp e ctiv e ly.
(1® 3 )-b -D-gluca n in plant extra cts
A l l p l a n t e x t r a c t s t e s t e d c o n t a i n e d m e a s u r a b l e a m o u n ts o f ( 1 ® 3 )-b -D -g lu c a n , a n d c o n c e n tr a tio n s r a n g e d fr o m 0 .0 1 % ( w /w ) fo r p o ta to to 0 .7 % ( w /w ) fo r b a rl ey. D iff e re n c e s b e tw e e n th e re su lts o b ta in e d w ith tw o ex tr a c ti o n m e th o d s (h e a t v e r su s a lk a lin e ex tr a c tio n ) w e re sm all a n d n o t sy stem atic .
( 1® 3 
D iscu s sio n
Tw o d iff e r e n t lin e a r (1® 3 ) -b -D -g lu ca n s (c u rd la n a n d la m in a rin ) re a c te d in th e in h ib it io n a ssa y. T h e a n tib o d ie s a lso re a c te d w it h p u stu la n , w h ic h is p re su m e d to c o n ta in o n ly b (1 ® 6 ) -g lu c a n [1 3 ] . H ow ev e r, th e re a c ti v it y o f p u stu la n , lik e th at o f la m in a r in , wa s r eta in e d a fte r N a IO 4 tre a tm e n t, w h e r e a s it w a s c o mp le te ly lo st a f te r tr e atm e n t w it h (1 ® 3 )-b -g lu c a n a se .
S im il a r ex p e rim e n ts w ith a p o ly c lo n a l a n ti-(1® 6 ) -b -D -g lu ca n a n tiser u m c o n f ir m e d th e sp e c ifi c (1 ® 3 ) -b -g lu c a n a se a c tiv it y o f z y m o ly a se a n d th e c o m p le te d e stru c tio n o f ( 1® 6 )-b -D -g lu c a n stru c tu r e s b y N a IO 4 trea tm e n t. C o n se q u e n tly, w e c o n c lu d e th a t p u stu la n m e n t s w i th ( 1 ® 6 ) -b -D -g l u c a n in h i b it io n e n z y m e im m u n o a ssa y s c o n fi rm e d th a t th e p e rio d a te tre a tm e n t a b o lish e d th e im m u n o r e ac tiv ity o f ( 1 ® 6 ) -b -D -g lu c a n stru c tu r e s, w h e re a s z y m o l y a se h a d n o e ff e c t ( Fig . 2 c a n d d ) . T h u s, th e c r o ss-re a c tiv ity o b se rv e d w it h p u stu la n in th e ( 1® 3 ) -b -D -g lu c a n e n z y m e im m u n o a s say w as d u e to th e p r e se n c e o f ( 1 ® 3 ) -b -D -g lu c a n stru c tu re s in th e p re p a rati o n , a n d n o t to a la c k o f sp e c ific ity o f th e a n ti-( 1® 3 ) -b -D -g lu ca n a n ti b o d ie s.
Sen sitivity a nd repro du cibility of th e inh ibition e nzym e im mu no assay
T h e d e te c tio n lim it w a s se t a t 1 5 % in h ib itio n , w h ic h c o rr e sp o n d e d to 4 0 n g /m l. T h e r e su ltin g d e te c tio n lim its fo r a ir b o r n e a n d se tt le d d u st w e r e 2 0 0 n g /m 3 a n d 0 .5 m g /g d u st, r e sp e c tiv ely.
D ilu tio n c u r v e s o b ta in e d w ith a u to c lav e d (1 2 0 Ê C ) e x tra c ts o f th e e nv iro n m e n ta l sa m p le s w e r e e ss e ntia lly p a ra ll e l to th e c a li b r atio n c u rv e . T h e r ep r o d u cib ility o f th e in h ib itio n e n z y m e im m u n o a ssa y w a s d ete rm in e d o n d e te c ta b le d u p lic a te a n a ly se s o f th e e nv iro n m e n ta l d u st e x tr a c ts an d ex p re sse d a s th e c o e ffi c ie n t o f va r ia ti o n . M e a n c o e ff ic ien ts o f va ria tio n fo r t h e i n h i b i t i o n a s s a y o f 2 0 % (n = 8 5 ) a n d 2 7 % a lso c o n ta in s ( 1 ® 3 ) -b -g lu c a n s tr u c tu r e s. S in c e a ll o th e r p o ly sac c h a rid e s te ste d w e re n o t re a c tiv e in o u r a ssa y, w e c o n c lu d e th at th e in h ib it io n e n z y m e imm u n o assa y sp e c ifica ll y re c o g n iz es (1 ® 3 ) -b -D -g lu c a n e p ito p es. P re lim in ar y re su lts in d ic atin g rea c tiv ity w it h y e a st a n d p la n t g lu c a n s ( se e b e lo w ) , m a in ly c o n sistin g o f b (1 ® 3 ) (1 ® 6 ) a n d b (1 ® 3 )( 1® 4 ) lin k a g e s, r es p e c tiv e ly, s u g g e s t t h at b o t h l in e a r a n d b r a n c h e d
( 1 ® 3 ) -b -g lu c a n s a re r e c o g n iz e d in th e in h ib it io n a ssa y.
A n o th er m e th o d f o r m e asu rin g (1 ® 3 ) -b -D -g lu c an s w ith th e u se o f a g lu c a n -re a c ti v e p r ep a ra tio n o f L im ulu s a m e b o cy te l y sa te h a s r e c e n tl y b e e n d e sc rib e d [3 ,2 6 ]. T h is te st is v e r y se n sitiv e (1 ±1 0 p g /m l) bu t p r o b a b l y n o t h ig h ly sp e c ifi c, sin c e it a lso re a c ts w ith o th e r g lu c a n s, a n d w ith v e ry h ig h c o n c e n tra tio n s o f o th e r p o ly sa c c h a rid e s [ 1 4 ,2 7 ] .
T h e u se o f a sp e c ific im m u n o a ssa y th at is a lso le ss e x p e n siv e m a y b e a d v a n ta g e o u s in hy g ie n e a n d e p id e m io lo g ic a l-e ffe c t stu d ie s. T h u s f a r, d isc u ssio n s o n th e im m u n o b io lo g ic a l e ffe c ts o f g lu c a n s h a v e m a in ly f o c u se d o n f u n g a l g luc a n s. I t is n o t clea r w h e th e r p la n t g lu c a n s h a v e sim ila r p ro p e r ti e s. P la n t g lu c a n s su c h a s la m in a r in a n d b ar le y b -D -g lu c a n a lso in te ra c t w ith th e L i m u lu s c oa g u la ti o n f a c to r G [1 4 ]. T h is su g ge sts th a t p lan t g luc a n s a re a lso b io log ic a lly a c tiv e , a n d th e d e te c tio n o f b o th p la n t a n d fu n g a l ( 1 ® 3 ) -b -g lu c a n s in a (1 ® 3 ) -b -g lu c a n a ssa y (d e sc rib e d in th is p a p er ) m a y th e r efo re b e re lev a n t.
Ver y h ig h ( 1 ® 3 ) -b -D -g lu c a n lev e ls w e r e fo u n d in th e o c c u p a tio n a l a n d re sid e n ti a l d u st sa m p le s stu died . C o m p a ra b le c o n c e n tr atio n s (1 m g /m 3 ) h a ve b e e n m e a su re d in a n e x p e rim e n ta l c o tt o n c a rd ro o m u sin g a g lu c a n -re a c tiv e L im u lu s a m eb o cy te ly s a t e a s sa y c c u p a tio n a l a n d r e sid e n tia l o r ig in s ( 0 .5 ± 2 0 % ) su g g e sts a la r g e p r o p o rtio n o f p la n t a n d /o r fu ng a l m a te ria l in th at d u st. T h is se e m s p la u sible c o nsid e r in g th a t ( 1 ® 3 ) -b -g lu c a n s o c c u r a s m a jo r str u ctu ra l c e ll -w all o r sto r a g e c o m p o n e n ts o f m a n y p lan ts a n d m ic ro o rg a n ism s, w h ic h a re k n o w n to c o n tr ibu te la rg e ly to th e c o n te n t o f m o st o rg a n ic d u s t. M o r eo v e r, ( 1 ® 3 ) -b -D -g lu c a n s a re li k e ly to b e re la tiv e ly d eg r a d atio n -re sista n t in th e e nv ir o n m e n t, r esu lti n g in a h ig h c a r b o h y d r ate c o n te n t in o rg a n ic d u st.
In c o n c lu sio n , th e ( 1 ® 3 ) -b -D -g lu c a n in h ib it io n a ssa y d e s c rib e d h e r e o ff e r s a sp e c if ic a n d se n si tiv e m eth o d fo r in d o o r (1® 3 )-b -D -g lu ca n ex p o su re asse ssm e n t. T h e n e w a ssa y is th e re f o re ex p e c te d to b e u sef u l in e p id e m io lo gic a l stu d ies to inv e stig a te th e r e latio n sh ip b e tw e en ( 1 ® 3 )-b -D -g lu c an ex p o su r e a n d re sp ira to r y h e a lth . 3. R yl a n de r R , P er sso n K , G o to H , Yu a sa K , T an ak a S : A ir b orn e b -1 ,3-glu c a n m ay be related to sy m p to m s in sick bu ildi n gs. M e m ph is, Te nn e ss e e: N atio na l C o tto n C ou nc il; 1 98 9: 4 6±47 .
